The net partitioning of current photosynthate among vegetative organs of nodulated alfalfa (Medicago sativa L.) was investigated by determining radiolabel distribution from upper and lower source leaves, at different times of day, and during successively longer chase periods. Photosynthate was exported sooner and more completely by a fully expanded lower than by a fully expanded upper source leaf. The radiolabel pulse from the lower source leaf peaked in the main stem within 1.5 hours, in the crown and nodules after 3 hours, in the unexpanded leaves and apex of the main stem after 6 hours, and in the shoots growing from leaf axils on the main stem after 24 hours. The results suggest that the crown, apex, axillary shoots, and nodules both imported and mobilized photosynthate originating at a lower source leaf, while roots and shoots growing from the crown showed net accumulation. The pulse from the upper source leaf was initially rapidly exported by the main stem and imported by the root between 1.5 and 3 hours, but there was no net change of label content of these organs during the ensuing 21 hours. Rapidly growing organs had the highest concentrations, and the largest organs had the highest content of radiolabel. These results provide new information about the accumulation and circulation of photosynthate within the alfalfa plant. recently begun to receive attention (1), whereas much more is known of photosynthate usage by nodules of annual legumes (e.g. 14). Studies in a number of species, chiefly monocots, showed that the partitioning of photosynthate from source to sink was affected by relative sink size (3), source-sink distance (3, 12, 17, 18), growth stage (1), intersink competition (3), and time of day (9, 16). However, there is a paucity of comparable information on photosynthate partitioning among organs in nodulated perennial legumes.
The carbohydrate requirements of developing alfalfa (Medicago sativa L.) are met by one or more sources: by current photosynthate, by labile photosynthate pools within organs, or by mobilization of carbohydrate reserves ( 15) . It is unlikely that the carbohydrate needs of a developing organ are met by a single source. For example, the dependence of nodule function upon current photosynthate has been inferred from experiments showing reduction of nitrogenase activity up to 80% compared to preharvest rates 24 h after shoot removal (4, 23) . In contrast, the importance of labile pools of photosynthate and reserve carbohydrates have been inferred from the steady continuation of nitrogenase activity for 12 h or more after complete shoot removal (5) . Carbohydrates stored in roots contribute to regrowth and leaf area development of alfalfa after forage harvest (15) recently begun to receive attention (1), whereas much more is known of photosynthate usage by nodules of annual legumes (e.g. 14) . Studies in a number of species, chiefly monocots, showed that the partitioning of photosynthate from source to sink was affected by relative sink size (3), source-sink distance (3, 12, 17, 18) , growth stage (1), intersink competition (3), and time of day (9, 16 RESULTS AND DISCUSSION Diurnal Effect on Partitioning. There were significant (P < 0.01) differences in photosynthate partitioning among organs from the uppermost fully expanded green leaf, but none attributable to time of labeling (Table I) . Similar amounts of photosynthate, about 60%, were exported within 24 h from a source leaf labeled either at the onset or at the end of the photoperiod. In contrast to our results, Russell and Johnson (16) found a differential pattern of partitioning from shoots to roots of soybeans that varied with time of day. Like our results (Table I) , Russell and Johnson (16) found no diurnal pattern of photosynthate partitioning to nodules. This absence of a diurnal effect on photosynthate partitioning to alfalfa nodules suggests that nodule function in our experiments was not closely coupled to current photosynthate production, an interpretation consistent with observations on other species (6, 21) .
Expression of results either as RSA or % TPR revealed similar differences in partitioning among organs except for the relative ranking of nodule-free roots (Table I) . Because of the large proportion of plant mass in the roots, they contained about 14% TPR but relatively small radioactivity per mass measured by RSA. The RSA values for the actively growing main stem, shoots from axillary buds on the main stem, and shoot apex with unexpanded leaves on the main stem indicate that these organs were more intensively labeled than the remaining five including nodules. An RSA = 1 would indicate a radiolabeling intensity for a specific sink similar to that of the entire plant.
Export by Source Leaves. The proportion of radiolabel exported by the source leaf varied with leaf position and length of chase period (Fig. 1) . The % EXP from the uppermost fully expanded green leafon the main stem increased from about 12% at 1.5 h to 44% at 3 h, and remained unchanged to 48 h. In contrast, the % EXP from the lowest fully expanded green leaf on the main stem increased from 25% at 1.5 h to 60% at 12 h and remained unchanged thereafter. These patterns of export generally conform to those reported by Hofstra and Nelson (9) . The greater average % EXP ofthe lowest (48%) compared to the uppermost fully expanded green leaf(36%) over all chase periods undoubtedly reflected retention of photosynthate in structural (19) , and that darkened leaves export 14C more slowly than illuminated leaves (7).
Chase Period Duration and Partitioning. The patterns of photosynthate partitioning to various sinks varied significantly with the length of the chase period and the position of the source leaf. These relationships are illustrated for brevity ( Fig. 2 ) with % TPR, as similar results were evident by expression of results as RSA.
Two classes oforgans were evident, depending upon the change or lack of change of % TPR with time. Among organs with change in % TPR with time, the main stem continuously exported photosynthate throughout 48 h, while the crown, shoots growing from the crown, shoots from the axillary buds on the main stem, and shoot apex with unexpanded leaves showed varying degrees of import depending upon their position relative to the source leaf (Fig. 2) . Among plants labeled at the lowest fully expanded green leaf, the pulse of radioactivity reached the crown and root from the main stem by 1.5 h. The pulse passed the crown and nodules after 3 h, reached and passed the shoot apex with unexpanded leaves by 6 h, and reached the shoots from axillary buds on the main stem by 24 h. Accumulation of radiolabel by the roots and shoots growing from the crown occurred continuously over 48 h during export by the main stem. The delay of partitioning to axillary shoots which subtend leaf axils on the main stem suggests that radiolabel first enters the crown before distribution to other sinks.
Patterns of partitioning from the uppermost fully expanded green leafwere somewhat different from those of the lowest fully expanded leaf. The pulse of radiolabel reached the crown and roots from the main stem later, after 3 h. The main stem exported and the roots imported photosynthate between 1.5 and 3 h, but remained stable in radiolabel content for the next 21 h after which the main stem again started exporting and the roots started importing. Despite this temporary storage of photosynthate in the main stem and roots, patterns of partitioning to the fully expanded leaves on the main stem, shoots from axillary buds on the main stem, shoots growing from the crown, and nodules were not materially different than those for plants labeled at the lowest fully expanded leaf. Our results extend previous observa- tions of variation in interorgan partitioning (16, 19, 20, 22) by illustrating both changing sink strengths and the relative priorities of various organs for the distribution of current photosynthate.
These results clearly show that estimates of photosynthate partitioning by % TPR or RSA using pulse-chase methods are influenced by the duration of the chase period, and that single occasion measures of partitioning before stabilization of label may be difficult to interpret. The greatest changes in % TPR occurred in the first 24 h of the chase, as the only significant (P < 0.05) change in % TPR between 24 and 48 h was for the main stem. It is unlikely that respiratory loss of radiolabel significantly affected these results as the specific radioactivity (dpm mg-') of the whole plants showed no decline from 1.5 to 48 h. Thus, loss of radiolabel to respiration was restricted to the interval between labeling and the first sampling. Our results show that a chase period of 24 to 48 h postlabeling is sufficient for stabilization of the radiolabel pulse in various sinks (Fig. 2) and completion of export from various source leaves (Fig. 1) .
The similarity of distribution of photosynthate from uppermost and lowest fully expanded green leaves to roots and nodules from 3 to 48 h despite a large difference (17 cm) in source-sink distance exemplifies a partitioning pattern similar to that of clover (19, 20) but different from that of most other species ( 12, 13, 17, 18) which preferentially export to roots from lower leaves. This partitioning of photosynthate to roots from upper leaves of forage legumes may reflect the adaptive significance of the root as an enduring storage organ essential for the persistence of the plant.
A second reason for substantial photosynthate partitioning from upper leaves to roots may be related to the distribution of leaf area and photosynthetic capacity within closed alfalfa canopies. In a closed canopy the leaf area index in lower strata is considerably less than that in upper strata owing to foliar diseases and shading (8) . The fix less CO2 because of low light penetration into the canopy (2). Thus, the substantial partitioning of photosynthate from upper leaves to nodulated roots may be an adaptation to circumvent the diminished photosynthetic capacity ofthe leaves ofthe lower canopy.
Interorgan Partitioning. There was general agreement between the RSA and % TPR in grouping interorgan differences in photosynthate partitioning, except for nodules and roots (Table  II) . The foregoing results clearly support those of Table I in showing that the radiolabel was more concentrated in shoots from axillary buds on the main stem, the main stem shoot apex including unexpanded leaves, and the main stem than in roots, nodules, crown, fully expanded leaves on the main stem, and shoots growing from the crown. Thus, large values of RSA (>>1) identify organs with increasing growth rates and small values (<«1) designate organs either with decreasing growth rates under the conditions of this experiment, or that are receiving photoassimilate from alternate sources.
Conventional measurements of organ growth rates require destructive sampling of plants at least twice in succession so that an increment of dry matter over time can be calculated. This growth analysis methodology is most easily applied to large organs so that relative errors of measurement are small. In comparison, the use of pulse-labeling and the calculation of a distribution parameter such as RSA offers the increased measurement sensitivity afforded by a radiotracer and the ranking of relative differences in organ growth rates based upon a single sampling.
Some precautions in the assessment of photosynthate partitioning by use of distribution parameters are necessary. The results for nodules and roots show that organs greatly differing in mass (Table II) and respiratory activity (10) give dissimilar rankings when partitioning is assessed by RSA and % TPR. For example, partitioning to nodules ranked at the median of all organs based upon RSA and in the lower quartile based upon % TPR. In comparison, roots always ranked higher on the basis of % TPR than RSA.
Measurements of net partitioning by use of a distribution parameter do not account for loss of photosynthate from an organ through respiratory activity or by mobilization of metabolites to other organs. The consequence ofthis is best exemplified by considering net partitioning to nodules ( Fig. 1 ; Tables I and  II) . Because nodules only represent about 1% of the total plant mass and are growing slowly under the conditions of our exper- (10) . While the RSA and % TPR values indicate deposition of radiolabel in nodule structure and starch reserves, the true flux of carbon through the organs would be 10 to 20% of the current and storage photosynthate, well within the range of 10 to 32% reported for other legumes (14) . The interpretation of RSA may also be confounded by the high rates of nonphotosynthetic fixation of respired CO2 by nodules (10) 
